Introduction
============

Breast cancer is a kind of epithelial malignant tumor that has the ability to cause local invasion and distant metastasis.[@b1-ott-12-2023] In recent years, the incidence of breast cancer has increased significantly and it has become one of the most common malignant tumors, with a trend toward an increased frequency in younger patients.[@b1-ott-12-2023] Microcalcification is a very important diagnostic information in breast cancer, which can be detected by mammography and pathology. Approximately 50% of nonpalpable breast cancers are detected by mammography exclusively through microcalcification patterns, revealing up to 90% of ductal carcinoma in situ (DCIS).[@b2-ott-12-2023],[@b3-ott-12-2023] It has been reported that there is a close relationship between microcalcification and the diagnosis of breast cancer.[@b4-ott-12-2023] However, there are few reports on the relationship with clinicopathological features, recurrence, invasion, or metastasis. The purpose of this study was to determine the relationship of clinicopathological features and prognosis of breast cancer with microcalcification.

Microcalcifications are mainly composed of calcium oxalate or hydroxyapatite.[@b5-ott-12-2023],[@b6-ott-12-2023] The mechanisms that induce the formation of microcalcifications in breast cancer are still not clear. In recent years, studies have shown that this pathological microcalcification may be similar to heterotopic bone formation process.[@b7-ott-12-2023],[@b8-ott-12-2023] To detect biomarkers related to the possible mechanisms, we analyzed the expression and roles of BMP-2, Runx2, and osteopontin (OPN), which are the key indicators in the osteogenic pathways, in tissues with microcalcifications.[@b9-ott-12-2023]--[@b11-ott-12-2023]

Patients and methods
====================

Patients
--------

All 529 subjects were selected from patients who had been examined using breast mammography in the Department of Breast Imaging, Tianjin Medical University Cancer Institute and Hospital from January 2008 to June 2009. Written informed consent was obtained from each patient. This study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Tianjin Cancer Hospital.

The inclusion criteria were as follows: 1) microcalcification was confirmed through preoperative mammography; 2) breast cancer was identified through pathology: the pathological type was DCIS or invasive ductal carcinoma (IDC); 3) the patient did not receive preoperative chemotherapy, radiotherapy, endocrine therapy, or any other anticancer treatments; and 4) the patient had complete clinicopathological and follow-up data, including age, menopausal status, tumor size, lymph node involvement, pathological stage, histological grade, and estrogen receptor (ER), progesterone receptor (PR), HER2, Ki67, and p53 statuses. The exclusion criteria were as follows: 1) the pathological type was neither DCIS nor IDC; 2) the patient had locally advanced or advanced breast cancer and did not undergo operation; 3) the follow-up period was \<1 year; and 4) the cause of death was not cancer. The control group, which comprised of patients who did not have detectable microcalcifications on mammography, was matched in a ratio of 1:3. Matching was based on both age at diagnosis and time of surgery (±2 years). All subjects were female.

Evaluation of mammography
-------------------------

Calcification was judged to be benign or malignant by two experienced imaging doctors in a blinded manner according to the morphology and distribution of calcification ([Figure 1](#f1-ott-12-2023){ref-type="fig"}).

The American College of Radiology Breast Imaging Reporting and Data System lexicon, fifth edition, was used to classify all mammographic findings with respect to breast tissue density, masses, microcalcifications, architectural distortion, and focal asymmetry. Microcalcification morphology was classified as punctate/amorphous, coarse heterogeneous/fine pleomorphic, or fine linear (branching). Microcalcification distribution was classified as clustered/grouped, linear/segmental, or regional/diffuse.

Evaluation of immunohistochemistry
----------------------------------

Formalin-fixed, paraffin-embedded serial tissue sections of full block-face tissue from surgical specimen of each case were selected for BMP-2, OPN, and Runx2 immunohisto-chemical stains using standard procedures. Briefly, 4-µm tissue sections were subsequently dewaxed and rehydrated using xylene and graded alcohol washes. Antigen retrieval was performed at 121°C for 2 minutes, using citrate buffer, pH 6.0. After serial blocking with hydrogen peroxide and normal goat serum, the sections were incubated with monoclonal anti-BMP-2 (AF355, R&D Systems, Inc., Minneapolis, MN, USA; 1:500), monoclonal anti-OPN (sc-21742, Santa Cruz Biotechnology Inc., Dallas, TX, USA; 1:100), and monoclonal anti-Runx2 (sc-390715, Santa Cruz Biotechnology Inc; 1:100) for 30 minutes at room temperature. Then, the sections were sequentially incubated with biotinylated immunoglobulin and peroxidase-conjugated streptavidin.

The ER, PR, and HER2 statuses were determined using the criteria of the American Society of Clinical Oncology/College of American Pathologists.[@b12-ott-12-2023],[@b13-ott-12-2023] For ER and PR, nuclear staining in ≥1% of the tumor cells was considered positive. HER2 immunoreactivity was evaluated on a standardized scale from 0 to 3 based on the intensity of membranous staining and the proportion of tumor cells stained, where a strong complete membranous staining in ≥10% of tumor cells (3+) was considered positive. Ki67 and p53 statuses were determined through nuclear staining. Molecular classification of the tumor was performed using the established criteria.[@b14-ott-12-2023],[@b15-ott-12-2023] For BMP-2 and OPN, cytoplasmic/membranous staining in ≥10% of the tumor cells was considered positive ([Figure 2](#f2-ott-12-2023){ref-type="fig"}). For Runx2, nuclear staining in ≥10% of the tumor cells was considered positive.

Statistical analyses
--------------------

SPSS 22.0 software was used for statistical analyses. To compare the clinicopathological characteristics of patients, the chi-squared test was used for dichotomous variables. Continuous variables were compared using the independent two-sample *t*-test. A nonparametric test was used to analyze the ranked data and continuous data that were not normally distributed. Progression-free survival (PFS) and overall survival (OS) were calculated from the date of surgery. Survival curves were plotted using the Kaplan--Meier method, and group differences in the survival curves were investigated by the log-rank test. A Cox proportional hazards model was used to identify variables that were independently associated with OS. All statistical tests were two-sided and a *P*-value \<0.05 was considered statistically significant.

Results
=======

Clinicopathological characteristics of patients with microcalcification
-----------------------------------------------------------------------

The information of the breast cancer patients who had been examined by breast mammography in the Department of Breast Imaging, Tianjin Medical University Cancer Institute and Hospital from January 2008 to June 2009 were collected. There were 529 cases with microcalcification (calcification group), all of which were female, single sided, and the average age was 47 (25--76) years old. Among them, there were 412 (77.9%) cases of DCIS and 117 (22.1%) cases of IDC. Lymph node metastasis (LNM) was found in 185 (35%) cases, ER status was positive in 407 (72%) cases, PR status was positive in 391 (73.9%) cases, and HER2 status was positive in 145 (27.4%) cases. In total, 317 (59.9%) cases were classified as Luminal A type, 84 (15.9%) cases were classified as Luminal B type, 53 (10.0%) cases were classified as HER2 positive type, and 75 (14.2%) cases were classified as basal-like type. The control group, comprising patients without detectable microcalcification through mammography, was matched in a ratio of 1:3 (1,587 cases). The clinicopathological features are detailed in [Table 1](#t1-ott-12-2023){ref-type="table"}.

The results showed that there was a significant difference in tumor size between the two groups, with larger tumors in the calcification group than the control group, and the proportion of patients in the calcification group with tumors of \>5 cm was 20.4% vs 17.2% in the control group (*P*=0.041). The proportion of patients with LNM in the calcification group was higher than that of the control group (35% vs 27.9%, *P*=0.027). There was no significant difference in age, menopausal status, family history, pathological type, histological grade, ER, PR, HER2, molecular typing, p53, and Ki67 between the two groups.

Survival analysis of patients with microcalcification
-----------------------------------------------------

Due to the great difference in the prognosis of patients with DCIS and IDC, we analyzed survival separately according to the pathological types. We analyzed the recurrence rate in patients with DCIS and found that the recurrence rate in patients with microcalcification was higher than that in the control group (*P*=0.035) and the 5- and 7-year PFS of the two groups were 93.6% vs 96.9% and 86.5% vs 93.6%, respectively ([Figure 3A](#f3-ott-12-2023){ref-type="fig"}). There was no significant difference in OS between the two groups (*P*=0.257; [Figure 3B](#f3-ott-12-2023){ref-type="fig"}). For patients with IDC, we found that the recurrence rate in the calcification group was higher than that in the control group (*P*=0.044) and the 5- and 7-year PFS of the two groups were 82.9% vs 89.4% and 79.2% vs 85.8%, respectively ([Figure 3C](#f3-ott-12-2023){ref-type="fig"}). There was also no significant difference in OS between the two groups of patients with IDC (*P*=0.183; [Figure 3D](#f3-ott-12-2023){ref-type="fig"}).

In multivariate Cox regression analysis, after adjusting for pathological type, LNM, and histological grading, microcalcification was still an independent factor affecting the PFS of the breast cancer patients (HR: 2.263, 95% CI: 1.379--3.717, *P*=0.032; [Table 2](#t2-ott-12-2023){ref-type="table"}).

Expression of BMP-2, Runx2, and OPN in patients with microcalcification
-----------------------------------------------------------------------

It was reported that the mechanism of microcalcification is ectopic bone formation, and BMP-2, Runx2, and OPN are key indicators in osteogenic pathways. To analyze the expression of E-cadherin, Vimentin, BMP-2, Runx2, and OPN in calcification tissue through immunohistochemistry, we randomly selected 100 cases (DCIS: 50 cases, IDC: 50 cases) from the 529 patients with microcalcification, and 100 cases (DCIS: 50 cases, IDC: 50 cases) without microcalcification served as the control group. [Figure 4A](#f4-ott-12-2023){ref-type="fig"} shows that H&E stain in IDC revealed calcification in the lumen. E-cadherin expression is indicative of an epithelial phenotype, Vimentin expression is indicative of an interstitial phenotype, positive BMP-2 expression is indicated by cytoplasmic/membranous staining, positive Runx2 expression is indicated by nuclear staining, and positive OPN expression is indicated by cytoplasmic/membranous staining. Staining in ≥10% of tumor cells was considered positive. The statistical results showed that the epithelial marker (E-cadherin) of breast cancer with microcalcification was significantly weakened ([Figure 4B](#f4-ott-12-2023){ref-type="fig"}) and the interstitial marker (Vimentin) was more highly expressed ([Figure 4C](#f4-ott-12-2023){ref-type="fig"}), suggesting the occurrence of epithelial--mesenchymal transition (EMT). Irrespective of DCIS or IDC, the proportions of patients who were positive for BMP-2, Runx2, and OPN expression in breast cancer tissues with microcalcifications were significantly higher than those in the control group (*P*\<0.05; [Figure 4D--F](#f4-ott-12-2023){ref-type="fig"}; [Table 3](#t3-ott-12-2023){ref-type="table"}), indicating that these three key indicators (BMP-2, Runx2, and OPN) of osteogenic pathways may be involved in the formation of microcalcifications in breast cancer.

Relationship between expression of BMP-2 and clinicopathological parameters in breast cancer
--------------------------------------------------------------------------------------------

From the immunohistochemical results, we found that the BMP-2 is a key indicator involved in the formation of calcifications in osteogenic pathways. Moreover, it is reported that it plays an important role in promoting invasion and metastasis of malignant tumors. Therefore, we speculated that the poor prognosis of breast cancer patients with micro-calcification may be related to the high expression of BMP-2. The correlation between BMP-2 and the clinicopathological parameters of breast cancer was analyzed. The results showed that the expression of BMP-2 was closely related to tumor size, LNM, and Ki67 expression (*P*\<0.05), but had no significant correlation with age, family history, histological classification, molecular typing, and p53 (*P*\>0.05; [Table 4](#t4-ott-12-2023){ref-type="table"}).

Relationship between expression of BMP-2 and prognosis
------------------------------------------------------

Several studies have found that the expression of BMP-2 was associated with the prognosis of malignant tumors. However, there is a lack of more detailed studies in breast cancer. We divided the patients into BMP-2(+) and BMP-2(−) groups. By analyzing the recurrence rate of DCIS, it was found that the recurrence rate in the BMP-2(+) group was higher than that in the BMP-2(−) group (*P*=0.044). The 5- and 7-year PFS rates of the two groups were 83.2% vs 94.7% and 75.3% vs 91.5%, respectively ([Figure 5A](#f5-ott-12-2023){ref-type="fig"}). There was no significant difference in OS between the two groups (*P*=0.264; [Figure 5B](#f5-ott-12-2023){ref-type="fig"}). For the IDC group, we found that the BMP-2(+) group had a higher rate of progression than the BMP-2(−) group (*P*=0.049). The 5- and 7-year PFS rates were 76.2% vs 94.2% and 72.5% vs 91.2%, respectively ([Figure 5C](#f5-ott-12-2023){ref-type="fig"}), and the mortality rate in the BMP-2(+) group was relatively higher, but was not statistically significant (*P*=0.302; [Figure 5D](#f5-ott-12-2023){ref-type="fig"}).

A Cox proportional hazard model was used to identify variables that were independently associated with PFS. The results showed that the positive expression of BMP-2 was an independent factor after adjusting for pathological type and LNM (HR: 2.234, 95% CI: 1.334--3.766, *P*=0.012; [Table 5](#t5-ott-12-2023){ref-type="table"}).

Discussion
==========

Breast cancer is one of the most common malignant tumors in women and seriously endangers health. According to statistics, about 40% of breast cancer shows calcification on mammography and is sometimes the only indication of tumor.[@b16-ott-12-2023],[@b17-ott-12-2023] Microcalcifications are also very common in breast cancer. It is reported that 90% of DCIS have signs of microcalcifications on mammography.[@b18-ott-12-2023],[@b19-ott-12-2023] However, the mechanism behind the formation of microcalcifications is not yet very clear. In the past, the pathological point of view was that microcalcification in breast cancer tissue was mainly attributed by the necrosis of the cancer tissue. However, in recent years, some studies reported that its formation may be similar to the formation of bone tissue.[@b20-ott-12-2023] Bone-related proteins in breast cancer may be involved in the formation of microcalcification. It has been reported that BMP-2, OPN, and osteonectin are expressed in the breast tissue. Moreover, the high expression of OPN or osteonectin was closely related to microcalcification in breast cancer.[@b21-ott-12-2023]--[@b23-ott-12-2023] In bone tissue, BMP-2 could regulate the expression of bone matrix proteins such as OPN, Runx2, and osteocalcin through receptor signaling pathway, thereby affecting the formation of bone mineralization. The main chemical components of microcalcification in breast cancer are carbon hydroxyapatite.[@b20-ott-12-2023] Most of the microcalcifications are located in the lumen of DCIS and can also be found in IDC. It has been reported that microcalcifications in breast cancer were closely related to recurrence of DCIS and the invasion or metastasis of IDC.[@b24-ott-12-2023]

In order to elucidate the relationship between microcalcification and the prognosis of breast cancer, we collected data from 529 subjects with microcalcification who were selected from the patients examined using breast mammography in the Department of Breast Imaging, Tianjin Medical University Cancer Institute and Hospital from January 2008 to June 2009. The results of our study showed that there was a significant difference in tumor size between the two groups, with larger tumors in the calcification group than in the control group, and the proportion of patients in the calcification group with tumors of \>5 cm was 20.4% vs 17.2% in the control group (*P*=0.041). The proportion of patients with LNM in the calcification group was higher than that of the control group (35% vs 27.9%, *P*=0.027). There was no significant difference in age, menopausal status, family history, pathological type, histological grade, ER, PR, HER2, molecular typing, p53, and Ki67 between the two groups. It could be seen that patients with microcalcification often had larger tumor and higher rates of LNM, which meant that the malignant degree of tumors was higher in this subgroup of patients. Some other studies have indicated a relationship between HER2 expression and presence of microcalcifications. In our study, we did not find the significant difference between the two groups. That may because all 529 subjects with microcalcifications in our study were selected from patients who had been examined using breast mammography. But some other studies selected the patients only by pathology. Maybe that causes the different statistical results.

As the prognosis of IDC and DCIS is very different, we analyzed the relationship between microcalcification and survival, respectively, according to the different pathological types. We analyzed the recurrence rate in patients with DCIS and found that the recurrence rate in patients with microcalcification was higher than that in the control group (*P*=0.035) and the 5- and 7-year PFS of the two groups were 93.6% vs 96.9% and 86.5% vs 93.6%, respectively. There was no significant difference in OS between the two groups (*P*=0.257). For the patients with IDC, we found that the recurrence rate in the calcification group was higher than that in the control group (*P*=0.044) and the 5- and 7-year PFS of the two groups were 82.9% vs 89.4% and 79.2% vs 85.8%, respectively. There was also no significant difference in OS between the two groups of patients with IDC (*P*=0.183). In multivariate Cox regression analysis, after adjusting for pathological type, LNM, and histological grading, microcalcification was still an independent factor affecting the PFS of the breast cancer patients (HR: 2.263, 95% CI: 1.379--3.717, *P*=0.032). It has been reported that the 10-year PFS of IDC patients with microcalcification was 76.6%, which was worse than that of patients without microcalcification. The results of our study indicated a 7-year PFS of 79.2%, which was consistent with the previous reports.[@b25-ott-12-2023] The patients with microcalcification had relatively worse PFS and were more prone to recurrence and metastasis. Another report about the recurrence rate of DCIS, which stated that the recurrence rate in 15 years was 10.3%.[@b20-ott-12-2023] The results of our study showed that the recurrence rate of DCIS was 6.4% in 7 years and that of patients with microcalcification was 13.5%. It could be seen that microcalcification was also a prognostic factor for DCIS, which could increase the rates of recurrence.

BMP-2 is a strong osteogenic-inducing factor in the BMP family. It can induce mesenchymal cells and smooth muscle cells to differentiate into osteoblasts/odontoblasts in the process of bone formation and tooth formation.[@b26-ott-12-2023] Runx2 is one of the members of the Runx family and is a key transcription factor for the initiation and regulation of osteoblast differentiation. It is also highly expressed in prostate, lung, and breast cancer cells.[@b27-ott-12-2023] OPN is a protein that is widely distributed in many tissues and cells and can participate in many functions such as tissue repair and self-metabolism. Osteoblasts, osteocytes, and osteoclasts can secrete OPN, which play an important role in the mineralization and absorption of the bone matrix. OPN has an obvious tendency to promote tumor deterioration, and the expression of OPN in different tumor tissues is different.[@b28-ott-12-2023]--[@b31-ott-12-2023]

To analyze the expression of E-cadherin, Vimentin, BMP-2, Runx2, and OPN in calcification tissue through immunohistochemistry. E-cadherin expression is indicative of an epithelial phenotype, Vimentin expression is indicative of an interstitial phenotype, positive BMP-2 expression is indicated by cytoplasmic/membranous staining, positive Runx2 expression is indicated by nuclear staining, and positive OPN expression is indicated by cytoplasmic/membranous staining. Staining in ≥10% of tumor cells was considered positive. The statistical results showed that the epithelial marker (E-cadherin) of breast cancer with microcalcification was significantly weakened and the interstitial marker (Vimentin) was more highly expressed, suggesting the occurrence of EMT. Irrespective of DCIS or IDC, the proportions of patients who were positive for BMP-2, Runx2, and OPN expression in breast cancer tissues with microcalcifications were significantly higher than those in the control group (*P*\<0.05), indicating that these three key indicators (BMP-2, Runx2, and OPN) of osteogenic pathways may be involved in the formation of microcalcifications in breast cancer.

Several studies have found that the expression of BMP-2 is associated with the prognosis of malignant tumors.[@b21-ott-12-2023] We divided the patients into BMP-2(+) and BMP-2(-) groups. By analyzing the recurrence rate of DCIS, it was found that the recurrence rate in the BMP-2(+) group was higher than that in the BMP-2(−) group (*P*=0.044). The 5- and 7-year PFS rates of the two groups were 83.2% vs 94.7% and 75.3% vs 91.5%, respectively. There was no significant difference in OS between the two groups (*P*=0.264). In the IDC group, we found that the BMP-2(+) group had a higher rate of progression than the BMP-2(−) group (*P*=0.049). The 5- and 7-year PFS rates were 76.2% vs 94.2% and 72.5% vs 91.2%, respectively, and the mortality of the BMP-2(+) group was relatively higher, although with no statistical significance (*P*=0.302). The Cox regression model was used to analyze the prognosis of breast cancer. The results showed that the positive expression of BMP-2 was an independent factor affecting the survival rate of breast cancer (HR: 2.234, 95% CI: 1.334--3.766, *P*=0.012) after adjusting for pathological type and LNM.

The results of this study suggested that the expression of BMP-2 in patients with microcalcification was significantly higher. It may play a similar function in bone tissue, that is, the tumor tissue produces BMP-2 locally through autocrine or paracrine ways, which combines with related receptors and enters the nucleus, acts at the target gene, and then regulates Runx2, OPN, and other bone matrix proteins to form a microenvironment of calcium and phosphorus deposits in the tumor tissue, resulting in the formation of microcalcifications.[@b31-ott-12-2023]--[@b34-ott-12-2023] In this study, immunohistochemical staining showed that the epithelial markers of the microcalcification of breast cancer were obviously weakened, and the interstitial marker Vimentin was expressed, suggesting that the EMT phenomenon had occurred, which may be one of the mechanisms of microcalcification, that is, the epithelial tumors have mesenchymal properties after the occurrence of EMT and have the ability to form calcifications.[@b35-ott-12-2023],[@b36-ott-12-2023] Due to the high recurrence rate in breast cancer patients with microcalcification, it was presumed that the high expression of these proteins such as BMP-2 and Runx2 may promote the invasion and metastasis of tumor cells. It was reported that BMP-2 participates in the regulation of EMT, which can promote the migration and metastasis of breast cancer, gastric cancer, and pancreatic cancer.[@b37-ott-12-2023] The specific mechanism is not very clear. This study continued to explore the effect of BMP-2 on the proliferation and metastasis of tumor cells.

Conclusion
==========

Through the analysis of this study, it was found that the prognosis of the patients with microcalcification was relatively poor. BMP-2 was highly expressed in the breast cancer with microcalcification and was associated with poor prognosis. The mechanisms that induce the formation of microcalcifications in breast cancer are still not clear. Future study will focus on mechanism research.
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![Calcification observed in mammography.\
**Notes:** (**A**) Breast mammography of a patient with DCIS. The arrowhead in the right breast (indicated as RCC) shows a cluster of small and multiform calcification, which suggests malignancy. There was no obvious calcification in the left breast (indicated as LCC). (**B**) Breast mammography of a patient with IDC. The arrowhead in the right breast (indicated as RCC) shows small and round calcification, which is characteristic of benign calcification. The arrowhead in the left breast (indicated as LCC) shows an irregular mass with small and multiform calcification, which suggests malignancy. Scale of the images is 1:4.\
**Abbreviations:** DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma.](ott-12-2023Fig1){#f1-ott-12-2023}

![The immunohistochemistry of BMP-2 (×200).\
**Notes: (A)** Negative BMP-2 expression. (**B**) Positive BMP-2 expression is indicated by cytoplasmic/membranous staining in breast cancer cells ≥10%.](ott-12-2023Fig2){#f2-ott-12-2023}

![The PFS and OS of patients with calcification.\
**Notes:** The recurrence rate in patients with microcalcification was higher than the control group (**A**: DCIS, *P*=0.035; **C**: IDC, *P*=0.044). There was no significant difference in OS between the two groups (**B**: DCIS, *P*=0.257; **D**: IDC, *P*=0.183).\
**Abbreviations:** DCIS, ductal carcinoma in situ; IDC, infiltrative ductal carcinoma; OS, overall survival; PFS, progression-free survival.](ott-12-2023Fig3){#f3-ott-12-2023}

![Immunohistochemistry results.\
**Notes:** (**A**) H&E stain in IDC revealed calcification in the lumen. (**B**) The expression of E-cadherin, indicative of an epithelial phenotype, is weakened. (**C**) Partial expression of vimentin, indicative of an interstitial phenotype. (**D**) Positive BMP-2 expression is indicated by cytoplasmic/membranous staining in breast cancer cells. (**E**) Positive Runx2 expression is indicated by cell nuclear staining in breast cancer cells. (**F**) Positive OPN expression is indicated by cytoplasmic/membranous staining in breast cancer cells.\
**Abbreviations:** IDC, invasive ductal carcinoma; OPN, osteopontin.](ott-12-2023Fig4){#f4-ott-12-2023}

![Relationship between expression of BMP-2 and prognosis.\
**Notes:** (**A**) For DCIS, the recurrence rate in the BMP-2(+) group was significantly higher than that in the BMP-2(−) group (*P*=0.044). (**B**) For DCIS, there was no significant difference in OS between the two groups (*P*=0.264). (**C**) For IDC, the recurrence rate in the BMP-2(+) group was significantly higher than that in the BMP-2(−) group (*P*=0.049). (**D**) For IDC, the OS of the BMP-2(+) group was higher than that of the BMP-2(−) group but was not statistically significant (*P*=0.302).\
**Abbreviations:** DCIS, ductal carcinoma in situ; IDC, infiltrative ductal carcinoma; OS, overall survival; PFS, progression-free survival.](ott-12-2023Fig5){#f5-ott-12-2023}

###### 

Clinicopathological characteristics of patients with microcalcification

  Characteristics                                 Calcification group (n=529)   Control group (n=1,587)   *P*-value
  ----------------------------------------------- ----------------------------- ------------------------- --------------------------------------------------
                                                                                                          
  Age at first primary cancer (year, mean ± SD)   47.88±9.55                    47.94±9.53                0.971
  Postmenopause, n (%)                            192 (36.3)                    605 (38.1)                0.283
  Family history, n (%)                           37 (7.0)                      121 (7.6)                 0.639
  Pathologic types (%)                                                                                    0.874
   IDC/DCIS/other                                 84.6/11.5/3.9                 86.2/11.3/2.5             
  Maximal tumor size, n (%)                                                                               0.041[a](#tfn1-ott-12-2023){ref-type="table-fn"}
   ≤2 cm                                          198 (37.4)                    662 (41.7)                
   2--5 cm                                        223 (42.2)                    653 (41.1)                
    \>5 cm                                        108 (20.4)                    272 (17.2)                
  LNM, n (%)                                      185 (35.0)                    442 (27.9)                0.027[a](#tfn1-ott-12-2023){ref-type="table-fn"}
  Distant metastasis, n (%)                       11 (2.1)                      35 (2.2)                  0.923
  Histological grading (%)                                                                                0.949
   Nottingham I/II/III                            8.8/73.6/17.6                 8.2/75.3/16.5             
  ER+, n (%)                                      367 (69.4)                    1,031 (65.0)              0.061
  PR+, n (%)                                      391 (73.9)                    1,208 (76.1)              0.127
  HER2+, n (%)                                    145 (27.4)                    492 (31.0)                0.613
  Molecular classification, n (%)                                                                         0.276
   Luminal A                                      317 (59.9)                    964 (60.7)                
   Luminal B                                      84 (15.9)                     255 (16.1)                
   HER2 positive                                  53 (10.0)                     188 (11.8)                
   Triple negative                                75 (14.2)                     180 (11.4)                
  Ki67 (mean ± SD)                                25.58±26.90                   24.19±28.82               0.423
  P53 (mean ± SD)                                 15.89±25.47                   19.57±21.19               0.157

**Note:**

*P*\<0.05.

**Abbreviations:** DCIS, ductal carcinoma in situ; ER, estrogen receptor; IDC, infiltrative ductal carcinoma; PR, progesterone receptor.

###### 

Multivariate Cox regression prognostic analysis of PFS

  Factors                HR      95% CI         *P*-value
  ---------------------- ------- -------------- --------------------------------------------------
                                                
  Pathologic types (%)                          
   DCIS/IDC              0.446   0.253--0.787   0.007[a](#tfn3-ott-12-2023){ref-type="table-fn"}
  LNM                                           
   Positive/negative     2.776   1.260--3.646   0.022[a](#tfn3-ott-12-2023){ref-type="table-fn"}
  Microcalcification                            
   Yes/no                2.263   1.379--3.717   0.032[a](#tfn3-ott-12-2023){ref-type="table-fn"}

**Note:**

*P*\<0.05.

**Abbreviations:** DCIS, ductal carcinoma in situ; IDC, infiltrative ductal carcinoma; LNM, lymph node metastasis; PFS, progression-free survival.

###### 

Expression of BMP-2, Runx2, and OPN in patients with microcalcification

  Index       DCIS   IDC                                                                
  ----------- ------ ----- -------------------------------------------------- ---- ---- --------------------------------------------------
                                                                                        
  BMP-2                    0.029[a](#tfn5-ott-12-2023){ref-type="table-fn"}             0.015[a](#tfn5-ott-12-2023){ref-type="table-fn"}
   Negative   11     22                                                       12   26   
   Positive   39     28                                                       38   24   
  Runx2                    0.017[a](#tfn5-ott-12-2023){ref-type="table-fn"}             0.032[a](#tfn5-ott-12-2023){ref-type="table-fn"}
   Negative   13     26                                                       14   25   
   Positive   37     24                                                       36   25   
  OPN                      0.002[a](#tfn5-ott-12-2023){ref-type="table-fn"}             0.007[a](#tfn5-ott-12-2023){ref-type="table-fn"}
   Negative   15     32                                                       20   31   
   Positive   35     18                                                       30   19   

**Note:**

*P*\<0.05.

**Abbreviations:** DCIS, ductal carcinoma in situ; IDC, infiltrative ductal carcinoma; OPN, osteopontin.

###### 

Relationship between expression of BMP-2 and clinicopathological parameters in breast cancer

  Factors                                         BMP-2           *P*-value       
  ----------------------------------------------- --------------- --------------- --------------------------------------------------
                                                                                  
  Age at first primary cancer (year, mean ± SD)   46.89±9.60      47.29±8.74      0.765
  Postmenopause, n (%)                            47 (36.4)       27 (38.0)       0.343
  Family history, n (%)                           9 (7.0)         5 (7.0)         0.230
  Pathologic types (%)                                                            0.231
   DCIS                                           67 (51.9)       33 (46.5)       
   IDC                                            62 (48.1)       38 (53.5)       
  Microcalcification                                                              0.007[a](#tfn7-ott-12-2023){ref-type="table-fn"}
   Yes                                            77 (59.7)       23 (32.4)       
   No                                             52 (40.3)       48 (67.6)       
  Maximal tumor size, n (%)                                                       0.039[a](#tfn7-ott-12-2023){ref-type="table-fn"}
    ≤2 cm                                         50 (38.8)       30 (42.3)       
   2--5 cm                                        53 (41.1)       30 (42.3)       
    \>5 cm                                        26 (16.8)       11 (15.5)       
  LNM, n (%)                                      41 (31.8)       19 (26.8)       0.038[a](#tfn7-ott-12-2023){ref-type="table-fn"}
  Histological grading (%)                                                        0.870
   Nottingham I/II/III                            7.8/73.6/18.6   8.5/74.6/16.9   
  ER+, n (%)                                      94 (72.9)       48 (67.6)       0.057
  PR+, n (%)                                      95 (73.6)       51 (71.8)       0.154
  HER2+, n (%)                                    35 (27.1)       21 (29.6)       0.547
  Molecular classification, n (%)                                                 0.325
   Luminal A                                      77 (59.7)       43 (60.6)       
   Luminal B                                      21 (16.3)       11 (15.5)       
   HER2 positive                                  13 (10.1)       8 (11.3)        
   Triple negative                                18 (14.0)       8 (11.3)        
  Ki67                                            36.22±25.12     29.16±24.87     0.036[a](#tfn7-ott-12-2023){ref-type="table-fn"}
  p53                                             17.89±27.77     19.07±25.76     0.279

**Note:**

*P*\<0.05.

**Abbreviations:** DCIS, ductal carcinoma in situ; ER, estrogen receptor; IDC, infiltrative ductal carcinoma; PR, progesterone receptor.

###### 

Multivariate Cox regression analysis of prognosis in TNBC

  Factors            HR (95% CI)            *P*-value
  ------------------ ---------------------- --------------------------------------------------
                                            
  Pathologic types                          0.009[a](#tfn9-ott-12-2023){ref-type="table-fn"}
   DCIS/IDC          0.423 (0.234--0.784)   
  LNM                                       0.031[a](#tfn9-ott-12-2023){ref-type="table-fn"}
   Yes/no            2.732 (1.242--3.662)   
  BMP-2 expression                          0.012[a](#tfn9-ott-12-2023){ref-type="table-fn"}
   Yes/no            2.234 (1.334--3.766)   

**Note:**

*P*\<0.05.

**Abbreviations:** DCIS, ductal carcinoma in situ; IDC, infiltrative ductal carcinoma; LNM, lymph node metastasis; TNBC, triple-negative breast cancer.

[^1]: These authors contributed equally to this work
